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Poly(Ester Urethane)s: Morphology & Mechanics
* Thin Film PESUs: N I ) Q= T e e
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Morphology: Bulk vs. Thin Film

Bulk %

Thin Film

* Surface and interfacial forces can play a large role in determining
morphology of thin films

* Morphological study of PESU thin films via scattering techniques is difficult
— Contrast between domains is often weak
— Small scattering volume in thin film gives weak signal

* Resonant soft x-ray scattering and reflectivity techniques are a new way to
analyze thin polymer films
— Contrast between light elements varies with energy
— Structure & extent of phase separation in polymer films can be
determined
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What Are Soft X-rays & Why Are They Useful?
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Photon energy

* Soft X-rays: Energy close to absorption edges of light atoms (C, N, O) where
resonances in the atomic scattering factors occur

* Resonance techniques provide contrast mechanism to probe polymer structure
— Performed at energies close to absorption edge of an element in the material
— Previous experiments used high energy x-rays and heavy element labeling

* Investigation of unmodified polymers via resonance techniques is now possible
— Requires thin films (100 - 500 nm)

— Natural fit for phase-separating copolymers used in thin film applications
(coatings, binders, adhesives, etc.)
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Contrast Variation in Resonant Soft X-ray Scattering

e Scattering length density (p) depends
on atomic scattering factors (f)

Phase-separated material:

* Near absorption edge, real and
imaginary parts of f (f' and f ", resp.)
vary strongly with energy

e Can calculate scattering length (b),
scattering length density (p), and
contrast (Ap2) from f’ and f "
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; Los Alamos Henke et al. At.Data Nucl.Data Tables
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Experimental: Two Phase-Separating Copolymers

* Poly(styrene - b - methyl methacrylate): 50:50 symmetric diblock;
42,000 g/mol (Polymer Source)

— Readily forms well-defined lamellar morphology
— Distinct differences in chemical make-up of the two blocks

CHj

G=0
OCHj

* Poly(ester urethanes) (PESUs) with varying monomer ratios

— Randomly alternating hard and soft segments phase-separate into
domain structure that is not well-understood

— Some differences in chemical make-up of hard and soft segments

(CH2)4 OCN—Q_ @— H(CHZ)A' O~ C (CHy) 4~ IC! OH

p_) Hard Segment (HS) Soft Segment (SS)
- Los Alamos =1-3 n=4-6
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Thin Film Preparation and Scattering Experiments

* Copolymer solutions spin-cast to give 100 - 300 nm thin films, then

annealed under vacuum

* Soft x-ray experiments done at ALS beamline 6.3.2 (bending magnet)

— Energy range includes carbon absorption edge, ~284eV

— Excellent energy resolution: £0.04 eV at 284 eV
— Reflectometer endstation capable of transmission & reflectance

modes

50-1300 eV energy range

4-jaw

Bending
Magnet

Aperturs M1 (spherical)
g =25
hor. 1.85 mr.

Critical Specifications:

* Relative spectral bandwidth
AR = TOO00

= High spectral purity

* High precision AR/R = 0.2%

/-\ » High dynamic range: 10"

Precision Reflectometer

* 10 pm = 300 pm beam size

* 4 um positioning accuracy
along 3 axis

» Accomodates large samples

» Test complete optical systems

M2 (spherical)
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Transmission

PS-PMMA Diblock: Contrast Between PS & PMMA
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Carbonyl Carbons Susceptible to Radiation Damage
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* Problem for multiple scattering experiments on one sample: Carbonyl
carbons in PMMA ester group degrade upon exposure to soft x-rays

* Solution: Move to different spots on film for each scattering experiment (i.e.,
at each incident energy)
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PS-PMMA Resonant Scattering Agrees with Expectations

PS
_—— - _I___
PVMA
 Peak observed in |
scattering curves at PS
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examined ~ ; PMMA
e Peakintensity varies < 10° 3 d\\N
with incident x-ray 2 ] 310
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PS-PMMA Scattering Data Modeled as Stacked Sheets
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dPMMA = 0'92*dPS
» Los Alamos

NATIONAL LABORATORY
E5ST.1943

10° |

© o Data
——Model
O
o (@]
D
o © ]
k/\o |

240 260 280 300 320 340 360

Energy (eV)

dpg = 13.9+ 0.3 nm
dpyma = 12.8 £ 0.3 nm
d=26.7 £0.6 nm
N=8

L, =104.6 £ 2.2 nm

L,=41.6%1.1nm

The World’s Greatest Science Protecting America



Spectra of Poly(Ester Urethane) Copolymers

||
—{-[(CH2)4 OCNO O —]—E«:Hmo C—(CH)~C ]—}—

Hard Segment (HS) Soft Segment (SS)
=1-3 n=4-6
6 .
Approximate :
Peak Energy (V) Assignment
1 285 1s - 7%, C=C
- aromatic
5 288 1s —» n*, C=0
ester carbonyl
0% HS 1s > 1%, C=0
I 3 289 urethane carbonyl
—100% HS
280 285 290 295 300 305 310
Energy (eV)
/'\

. fc—)?;AIamos Peak assignments based on NEXAFS literature, e.g., Dhez, O.; Ade, H.; Urquhart, S.G.

naTionaL Lasoratory  J. Electron Spectrosc. Relat. Phenom. 2003, 128, 85.
The World’s Greatest Science Protecting America Kﬁ‘*’"@i




PESUs: Strong Contrast Between Hard and Soft Segments
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* Peaks representing key core to n* transitions scale with %HS

* Contrast between hard and soft segments varies strongly with energy
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PESU Scattering: Thin Film Differs from Bulk

Soft X-ray Data: 45% HS, 150 nm Film SANS Data: 45% d-HS, 0.2 mm Film
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*  SANS experiments with thicker films show peak reflecting domain spacing ~16 nm
* Weak peak seen in soft x-ray data for thin films indicates different length scale, ~11 nm

* Thin PESU films possess different domain structure than that seen in bulk materials
— Weaker phase segregation?
OR
e In-plane phase-separated structure not easily seen with scattering?
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Soft X-ray Reflectivity: Probe in-plane structure

PS - PMMA
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Multilayer model:
o Total thickness = 190.5 nm

* Alternating PS & PMMA
e dpg=13.2nNm
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Reflectivity

45% HS PESU Shows In-Plane Orientation
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23% HS PESU Shows Strong In-Plane Orientation
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Summary

* Resonant x-ray scattering and reflectivity near carbon absorption
edge are powerful methods for determining domain structure in
polymer thin films

— Contrast enhancement occurs at absorption edge
— No need for chemical modification

PS vs. PMMA Soft vs. Hard in PESU
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Summary

* Diblock copolymers demonstrate power of these new techniques

— Peaks in scattering curves correspond to expected spacing and
can be modeled to extract composition of each phase

— Reflectivity data effectively probes in-plane structure
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Summary

* Characterization of PESU copolymers with more complicated phase
behavior appears promising

— Features observed in transmission experiments scale with %HS

— Scattering results indicate thin films possess different domain
structure than that observed in bulk materials

— Reflectivity results suggest strong in-plane orientation of domains
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Suggestions for New Beamline

* Desirable features from 6.3.2
— Energy resolution: £0.04 eV at 284 eV
— Precision goniometer that allows both transmission and reflection
modes

e Sample environments
— Temperature control
— Cells for analysis of liquid samples

e Data acquisition
— Calibration methods
— Detection of background scattering due to fluorescence, Raman,
etc.
— Time-dependent measurements (e.g., kinetics)
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